ABSTRACT: -Experimental studies have been carried out on three types of crystalline zeolites which were prepared and used as supports catalysts. All were synthesized in the laboratory with SiO2/Al2O3 ratio of 37, 86 and 94 respectively. The adsorption process was investigated to characterize the catalysts performance toward adsorption parameters (percent of extraction and distribution factor). , and Ba +2 ) used on adsorption increase with increasing temperature and also showed different to the framework structure and type of ions used. The maximum percent of extraction and distribution factor is in the order ZSM-11˃ ZSM-5˃ ZSM-23 respectively.
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ABSTRACT: -Experimental studies have been carried out on three types of crystalline zeolites which were prepared and used as supports catalysts. All were synthesized in the laboratory (ZSM-5, -11, and -23) with SiO2/Al2O3 ratio of 37, 86 and 94 respectively. The adsorption process was investigated to characterize the catalysts performance toward adsorption parameters (percent of extraction and distribution factor). The performance of catalysts was studied over the range of temperature (room, 50 and 80 ºC) for mono and divalent ions respectively (H + , Li + , K + , Rb + , Cs + , Sr +2 and Ba +2 ). The prepared catalysts exhibited that the percent of extraction and distribution factor for both mono and di-valent ions (H + , Li + , K + , Rb + , Cs + , Sr +2 , and Ba +2 ) used on adsorption increase with increasing temperature and also showed different to the framework structure and type of ions used. The
INTRODUCTION
Adsorption is a phenomenon where molecules in a fluid phase spontaneously concentrate on a solid surface w. Adsorption takes place due to unsatisfied forces in the surface, which attract and hold the molecule of the fluid surrounding the surface (1) .
2 all individually capable of penetrating the entire zeolite. The surface of adsorption is essentially entirely internal due to the channels and cavities, which uniformly penetrate the entire volume of the adsorbent (3) .
A property that has been utilized extensively in characterizing molecular sieve materials is the ability to adsorb selected molecule. Substantial structural information can be discerned about molecular sieve material from adsorption data. The most fundamental characteristic is the pore volume of the individual molecular sieve. Even in molecular sieves that contain a proportionally small quantity of cation occupying sites within the pores, change in the adsorption capacity of a given structure is observed. These changes however are dependent on the probe molecule being adsorbed (4) .
The versatility of zeolites in the control of adsorption selectivity is by changing the frame work, Si/Al ratio and the cation makes them one of the most practical classes of adsorbents.
Zeolites are high-capacity, selective adsorbent for two reasons:
1. They separate molecules based upon the size and configuration of the molecule relative to the size and geometry of the main aperture of the zeolite structure.
2. Zeolite adsorbs molecules, in particular these with a permanent dipole moment and which have other interaction effects, with a selectivity not found in other adsorbents (5) .
The main objectives of the present work are, synthesizing ZSM-5, -11, and -23 zeolites of high Si/Al ratio and calculating the adsorption parameter (percent of extraction and distribution factor) for some mono and di-valent ions at both room and higher temperature such as 80 and 50 ºC respectively, for selected types of zeolites catalysts.
Preparation of Zeolites Catalysts

Preparation of ZSM-5 Zeolite:
The sodium form of zeolite ZSM-5 was synthesized under conditions described in the literature (7) . The reaction mixture consisted of indigenous sodium aluminates, silica gel, and water and tetrapropyl ammonium hydroxide as template agent (specific structure-detecting).
A silica gel solution was prepared by dissolution 11.45 gm of SiO2 in 238 ml (10%) tetrapropyl ammonium hydroxide. A solution of sodium aluminates was prepared by dissolving 1.6 gm of NaAlO2 in 3 ml of distilled water and was added to the previous gel.
The resultant suspension was placed in a stainless steel autoclave as shown in Fig. (1) , and heated at 149 o C with stirring for 6 days. The pressure was held constant at 8.7 bars.
The resultant liquor solution was cooled to room temperature, filtered off and the solid washed thoroughly with distilled water. The solid was left to dry at 110 ºC for 24hr and then calcined at 538 ºC for 16 hour.
A portion of this product was subjected to X-ray analysis, which was used to characterize the prepared ZSM-5 zeolite. The identification of this structure was achieved by comparing its XRD pattern with that of the pure-standard ZSM-5. The prepared ZSM-5, which was in powder form was sieved and mixed mechanically with montmorellonite clay (20 %) as a binder.
Preparation of ZSM-11 Zeolite:
The sodium form of ZSM-11 was prepared according to described literature condition defined in reference (8) . The reaction mixture consisted of a silica solution, an acid alumina solution, benzyltrimethyl ammonium chloride and tetra butyl ammonium bromide.
A silicate solution was prepared by dissolving 344 g of sodium silicate in 400 ml of distilled water. An acid alumina solution was made by adding 11.9 g of aluminum sulfate, 35 g of sulfuric acid (100%), 50 g of benzyltrimethyl ammonium bromide and 51.5 g of tetrabutyl ammonium bromide to 500 ml of distilled water. These two solutions were mixed in a stainless steel autoclave as shown in Fig. (1) . The resulting gel was whipped for one hour at room temperature with agitation, and then heated at 160 ºC with stirring for 60 hour. The pressure was held constant at 7.5 bars.
The resultant liquor solution was cooled to room temperature, filtered off, and then solid washed thoroughly with distilled water. The solid was left to dry at 110 ºC for 2 hours and then calcined at 538 ºC for 16 hours.
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A portion of this product was subjected to x-ray analysis, which was used to characterize the prepared ZSM-11 zeolite. The identification of this structure was achieved by comparing its XRD pattern with that of the pure standard ZSM-11. The prepared ZSM-11, which was in powder form was sieved and mixed mechanically with montmorillonite clay (20 %) as a binder.
Preparation of ZSM-23 Zeolite:
The sodium form of ZSM-23 zeolite was synthesized under conditions described in the literature (9) . The reaction mixture consisted of sodium aluminates, colloidal silica and pyrrolidine.
A solution of 3.3 g of sodium aluminates, solid of 0.68 sodium hydroxide and 59.33 ml of distilled water, then 36.4 g of pyrrolidine were added, followed by addition of 329.5 g of colloidal silica (30 % silica). The resultant suspension was mixed in autoclave as shown in The resultant liquor solution was cooled to room temperature, filtered off and the solid was washed thoroughly with distilled water. The solid was left in oven to lessen all expected structural water at 110 ºC for 24 hours and then calcined at 538 ºC for 16 hours.
A portion of this product was subjected to x-ray analysis, which was used to characterize the prepared ZSM-23 zeolite. The identification of this structure was achieved by comparing its XRD pattern with that of and pure-standard ZSM-23. The prepared ZSM-23, which was in powder form was sieved and mixed mechanically with montmorillonite clay (20 %) as binder.
Adsorption Studies of Prepared Zeolites.
The prepared zeolite are studied under different temperatures which are:
At Room Temperature
The prepared zeolites were examined for their ability for the extraction of other mono and di valent metal ions such as H + , Li + , K + , Rb + , Cs + , Sr +2 and Ba +2 . Lower concentration (e.g. ~ 0.01 N) of each ion was equilibrated with 1 g of the studied zeolites.
14 ml from each type of above ion nitrate solution was placed in test tube and contacted with 1 g of ZSM-5, -11, -23 and by shaking the test tube and then taking sample every 15 min., centrifuge then read the absorbance at the maximum adsorption using UV-vis-5 single beam spectrophotometer. Then the sample back to test tube and was repeated the procedure until the absorbance reached almost constant value. The equilibrate sample was analyzed for the remaining extracted salt using atomic absorption technique. Accordingly the percent of extraction for each ion can be determined (10).
At (50 and 80 ºC) Temperatures
The extraction of the above mentioned mono and di-valent metal ions by the prepared zeolites was studied at higher temperatures (at 80 ºC) for the mono-valent and (at 50 ºC) for the di-valent metal ions, as shown in fig (2 
CALCULATION:
To calculate the zeolite nadsorption capacity, the percent of extraction and distribution factor must be calculated. The distribution coefficient is calculated from the following equations (11) : 
RESULTS AND DISCUSSION
1-X-Ray Diffraction of the Prepared Zeolites:
The zeolites of ZSM-5, -11, and -23 are known for its unusually high Si/Al ratio, high degree of thermal and acid stability, and high yield in certain catalytic conversion. All these properties make these types of zeolites suitable and important for industrial applications (12) .
Figures (3, 4, and 5) show the XRD pattern for the prepared and standard zeolites (ZSM-5, -11, and -23).
The comparison of the heights of the main diffraction peaks to those characterizing best the corresponding pore reference zeolite indicate that the preparation method resulted in a material almost compatible with the crystal structure as ZSM-5, -11, and -23 zeolites. This leads to the conclusion that our preparation method gives an exact synthesized indigenous (ZSM-5, -11, and -23). Analysis of the chemical composition of prepared zeolites and reference is shown in table (2). Table ( 2) indicates that SiO2/Al2O3 and Na2O wt. %. The SiO2/Al2O3 molar ratio was 37.2, 84, and 94 for ZSM-5, -11, and -23 respectively which is typical for such types of zeolites (13) , (14) .
2-Effect of Temperature on Adsorption:
The effect of temperature on adsorption process (percent of Extraction) for mono and di-valent in ZSM-5, -11, and -23 zeolites are shown in Figs. (6) to (11) and (distribution factor) are shown in table (4) and (5).
Data of these Figures shows that adsorption for mono-valent ions on ZSM-5, -11, and
-23 catalysts at both (room -80 ºC). It can be seen that increasing the temperature promotes an increase in the adsorption of both mono and di-valent ions. Partially this can be ascribed to the widening of the channels of zeolites and which make better in diffusion and sodium replacement. For mono-valent ions, the results have shown that maximum degree of adsorption (percent of extraction and distribution factor) for hydrogen (H + ) at 80 ºC and minimum value for cesium ion.
In agreement with data of Matel and Rajec [15, 16] , cesium, which has big ionic radius, showed lower extraction than the other mono-valent ions H + , Li + , K + and Rb + .
For di-valent maximum (percent of extraction and distribution factor) increasing with increase of temperature and maximum values for Sr +2 ions at 50 ºC and then for Ba +2 at the 7 same temperature compared with room temperature and the results shown in figure (9, 10, and 11) and results of (Extraction %) on Table ( 3). Then the yield order for three types of zeolites namely ZSM-5, -11, and -23 are:
The data obtained in this work prevail that maximum percent of extraction and distribution factors is in the order ZSM-11 > ZSM-5 > ZSM-23. This can be attributed to the difference in the pore structure, pore size and channel system. Since channel system in ZSM-5 has two-dimensional intersecting channel, straight (elliptical) and sinusoidal (circular).
While ZSM-11 was two-dimensional intersecting both straight (elliptical). In ZSM-5 the cavities are all equivalent, where as in ZSM-11, there are two types of cavities one which is very nearly the same as that which occurs in ZSM-5, while the other is larger by 30 % volume, which accounts for the greater saturation capacity of ZSM-11 (17) . Channel system in ZSM-23 was one-dimensional none-intersecting (elliptical) channel system. Such a difference in the three types of zeolites ZSM-5, -11 and -23 may explains at least partially the difference in the percent of extraction and the distribution factor.
CONCLUSIONS
Better percent of extraction and distribution factor was obtained at higher temperature; they increase from room temperature to 50 and 80 ºC for both the mono and divalent ions. On the other hand during extraction, it was observed as the radius for mono and di-valent ions increases the extraction percent and distribution factor decreased in the three studied systems of zeolites ZSM-11, -5 and -23.
X-ray diffraction for ZMS-5, -11 and -23 points to the presence of high degree of crystallinity and surface structure stability. Higher adsorption capacity, represented by percent of extraction and distribution factor, is obtained for mono and di-valent ions, which are obtained by ZSM-11 in both comparison with ZSM-5 and ZSM-23. 
NOMENCLATURES
